Background: The purpose of this quality improvement project was to evaluate prospectively the causes of delay for patients with acute ST-segment elevation myocardial infarction (STEMI) requiring primary percutaneous coronary intervention (PCI) upon arrival at the emergency department (ED) and implement recommendations to reduce delays and analyze the impact of recommendations to reduce the door-to-balloon (D2B) time in a newly established cardiac center (King Faisal Cardiac Center (KFCC)). Primary PCI has developed as an effective treatment strategy for acute STEMI, the survival rate and patient outcome are however dependent on the time to treatment. The international benchmark for all programs dealing with acute coronary syndrome patients suffering from STEMI has been established as 90 minutes or less from the time the patient arrives at the hospital to the opening of the affected vessel in the cardiac catheterization laboratory "door-to-balloon time" or D2B. In KFCC during the year 2014, the STEMI, D2B time of ≤ 90 minutes was achieved in 25%.
Introduction
Many scientific bodies like the American College of Cardiology (ACC), American Heart Association (AHA), and the European Society of Cardiology (ESC) recommend that all ST-segment elevation myocardial infarction (STEMI) patients should undergo rapid evaluation for reperfusion therapy and have reperfusion strategy implemented promptly after contact with the medical system [1, 2] .
Primary percutaneous coronary intervention (PCI) has to be performed in a timely fashion and door-to-balloon (D2B) time benchmark is ≤ 90 min in PCI capable hospital. This strategy is supported by a meta-analysis of 23 trials showing an absolute 2% reduction in mortality with primary PCI compared with fibrinolytic therapy [3] . Many trials have demonstrated that D2B time ≤ 90 min is associated with smaller infarct sizes, fewer major adverse cardiovascular events, and better long-term survival [3] [4] [5] [6] [7] [8] . International guidelines in the management of patients with STEMI recommended several performance measures to monitor the quality of delivered patient care [9] . Of particular interest are the D2B time (arrival at hospital to primary PCI) and overall health care system delay (first medical contact to reperfusion); both of these are acknowledged as valuable performance indicators [10] [11] [12] [13] . In the year 2014, King Faisal Cardiac Center (KFCC) had achieved D2B time of ≤ 90 min in 25% of patients.
Methods
King Faisal Cardiac Center is one of the primary centers which perform primary PCI as treatment for STEMI in Jeddah, Saudi Arabia. Primary PCI is the routine treatment in KFCC for The project was a prospective data collection for consecutive patients presenting with STEMI within 24 h of the onset of chest pain between January 2015 and December 2015. The project included all patients above the age of 18 years presenting to ED with acute cardiac chest pain within 24 h and ECG changes demonstrating ST-segment elevation or new left bundle branch block (LBBB). This meant that several patient groups were excluded from the project, including those transferred from another hospital, those less than 18 years of age, those receiving comfort measures only, those receiving fibrinolytics prior to PCI, and those receiving PCI as a non-primary procedure. The boundaries of the process began when the patient entered the ED and ended when the balloon was inflated during the PCI. The D2B time was broken down into the following clinically relevant intervals: door to ECG time (goal ≤ 10 min), ECG to catheterization laboratory team activation time (goal ≤ 5 min), catheterization laboratory activation to patient arrival to catheterization laboratory time (goal ≤ 45 min), and arrival to catheterization laboratory to balloon time (goal 15 min) and 15 min was allowed for system delays. Data were collected and analyzed, and feedback was provided through collaborative meetings with ED, emergency medical service (EMS) and CCL, hospital leadership and staff. Action plans and interventions were put in place to drive the changes in the above metrics which resulted in change in flow of care and improved communications among stake holders.
Results
The total number of eligible patients for primary PCI who met the inclusion criteria during the study period was 37 (Fig. 1) . The number of patients who achieved the target D2B time of 90 min or less was 20 (54%) (Fig. 1) . Nine patients (24.4%) had D2B time between 91 and 120 min and eight patients (21.6%) beyond 120 min. There was a noticeable seasonal variation in the number of patients presenting with STEMI, with the highest presentation recorded in the third quarter of the year, a total 
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Discussion
The results of this analysis convey perceptions into "real life fact" in the management of STEMI patients in a newly established cardiac center in Saudi Arabia. International guidelines in the management of patients with STEMI recommend several performance measures to monitor the quality of delivered patient-centred care [9] . Of particular interest are the D2B time and overall health care system delay (first medical contact to reperfusion); both of these are acknowledged as valuable performance indicators [10] [11] [12] [13] . Our data demonstrate only 54% achievement in meeting the D2B treatment time of less than 90 min. Several factors have contributed to the delays in achieving the goal. Failure to promptly triage and identify STEMI patients has contributed to the major delay in D2B time. The reasons ranged from patients not declaring themselves, lack of awareness to atypical presentations (Fig. 3 ).
An unexpected finding in this study was the delay of the process of catheterization laboratory activation and transportation from ED to the catheterization laboratory which is located in a different building; this was longer than expected and shown in Figures 4 and 5 , respectively. Variation in the mean time required to open the infarct-related artery once the patient arrived to the catheterization laboratory is the least to contribute to the delays as shown in Figure 6 .
In the Gulf Registry of Acute Coronary Events (Gulf RACE 2), 1,832 were admitted to the surveyed hospitals with CCL facilities. Only 198 (10.8%) patients received primary PCI, of whom only 55% achieved D2B time ≤ 90 min.
In that STEMI cohort of 93 patients from Saudi Arabia, timely primary PCI of less than 90 min was achieved in 40.9% of patients [14] .
The similarities of these results demonstrated in several hospitals in Saudi Arabia require a collaborative action among health care stake holders to implement proper strategies to improve the local practice and minimize D2B time. The key strategies to improve D2B time based on quality improvement initiative include education campaign for ER staff, immediate activation of catheterization laboratory by ED physicians, establishment of a single call system for activating catheterization laboratory, use of data monitoring and prompt data feedback to ED and catheterization laboratory, development of a speedy referral mechanism to accept and transfer patients for primary PCI from nearby non-catheterization laboratory-based hospitals to increase the volume of patients and finally seeking of senior management support to implement organizational changes directed at improving the health care environment and fostering timely D2B in STEMI patients [15] . 
Conclusion
Quality improvement initiative for medical policies and procedures is a continually evolving endeavour in all medical facilities that strive to deliver excellent care. Primary PCI is an effective treatment strategy for STE-MI. Current guidelines for the treatment of STEMI recommend a D2B time of 90 min or less for patients undergoing primary PCI. D2B time has become a performance measure and is the focus of regional and national quality improvement initiatives [16] . Our experience at KFCC demonstrates the effectiveness and durability of process changes targeting timeliness of primary PCI. We were able to achieve overall significant decrease in the percentage of D2B time, despite the measurable improvement challenges remain. The process of quality improvement of D2B time continues to evolve.
Limitations
Single center data and small number of patients are limitations, and outcome data were not available as it was not a priority in this quality improvement study.
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